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Abstract 
As part of a project to develop an Internet-based product design advisory system to support electronics recycling, 
we surveyed electronics manufacturers to determine their attitudes toward recycling, willingness to share 
information, and interest in participating in the project. Respondents were generally positive about recycling but 
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1. Introduction
Among American manufacturers, interest in product, component and material recycling and remanufacturing is 
growing. Many firms have a corporate ethic of environmental stewardship. Manufacturers recognize that cost 
savings may result from recycling, reusing and remanufacturing materials and components. Product stewardship 
programs can be a tool for marketing products to customers with environmental concerns and can also increase 
customer satisfaction and loyalty. In addition, product designs that make recycling easier can lead to lower costs 
due to the incorporation of fewer parts and materials, as well as faster and cheaper assembly. Along with the 
business advantages of recycling and remanufacturing, manufacturers are also aware of existing and impending 
environmental regulations around the world. In the U.S., a few individual manufacturers, particularly in the 
electronics industry, have successfully adopted individual takeback and recycling programs. A limited amount of 
industry-level collaboration is occurring. The "Big Three" automobile manufacturers collaborate on research to 
more easily and economically recycle automobiles [1]. But widespread adoption oftakeback and recycling practices 
has been hampered by the absence of a coordinated system for managing returned products. Another obstacle has 
been the current lack of direct economic incentives on a global scale for individual manufacturers or third parties 
to collect and recycle materials and components. Large scale recycling has also been hindered by the lack of easily 
accessible depots for consumers to return retired products and the absence of financial incentives to do so. 
The goals of our ongoing research project are to develop an enterprise model and the science base that would 
ultimately lead to the design of an enabling system for industzy-wide collaboration on design for recycling and 
would provide the incentive to develop a new industzy sector. This new industry would consist of a global network 
of "for-profit" enterprises, which we will call return centers, to manage the collection of various retired products, 
their disassembly into recyclable materials and components, and the return of reusable items to the manufacturers. 
These enterprises will interact with manufacturers through a distributed network of computer-based management 
systems that manages all product return transactions involving return centers and manufacturers. If widely 
adopted, this system will promote commerce by reducing manufacturing costs and opening up new markets for 
recyclable components and materials. It will allow consumers to dispose of obsolete or worn-out products easily 
and responsibly and encourage them to replace them by newer products. 
2. Research Objective
The focus of our research project is to develop the science base to support two Internet-based exchanges for product 
recycling. One is a management and archival (MA) system to facilitate business-to-business e-commerce in retired 
products, parts and materials [2]. The other, on which we focus in this paper, is a product design advisory (PDA) 
system. We envision the PDA as an independent distributed network of information systems ovmed and operated 
by a consortium of manufacturers that collaborate on product design research. It archives good practice product 
design principles. Members of the consortium incorporate these design principles into their products and can label 
their products as conforming to PDA standards. A return center handling a PDA coded product can consult the 
PDA archive for the principles employed in the design of the product. By retrieving the applicable design 
principles, methods for easily disassembling the product are obtained as well. 
The time required to disassemble a retired product is influenced by its design. Thus, any fee that manufacturers 
would pay to return centers to handle and, when appropriate, disassemble a product would be influenced by its 
design. PDA labeled products would benefit manufacturers by carrying lower return charges with return centers. 
Return centers would be willing to accept lower charges for PDA coded products due to the potential time savings 
in disassembly. As an independent virtual enterprise owned and operated by a consortium of manufacturers, the 
PDA would be maintained by fees levied on the member companies. Building the trust level among member 
companies is essential for the survival of a research consortium. As competitors share information on product 
design and recycling, we will learn more about collaborating on precompetitive research and sharing certain 
information while protecting core competitive knowledge. This research will help identify ways to create "win­
win" outcomes among competitors [3] such as lower manufacturing costs, and faster development of new products. 
Research issues surrounding development of the PDA include 
• Scalable system architectures to handle a potentially large variety of products
• Determination of required system enabling information and databases
• Methods for coding products and components to ensure unique universal identity
• Determination of the smallest size of component to be separately coded
• The structure of system databases, including issues regarding centralized versus distributed systems
• Security for proprietary data and trade secret protection
• Modeling human behavior and trust level in a consortium of competitors.
Research to resolve these issues is required to drive the development of the PDA system. However, one of the first 
steps in this process is to determine the level of interest from industry for this type of system and their willingness 
to participate with Iowa State in the research effort. After a brief literature review, we present a summary of the 
results of a survey taken from major electronics manufacturers. 
3. Relation to Previous Research
Space does not permit a comprehensive literature review of the copious recent work on design for recycling,
disassembly, or demanufacturing. We are not aware of any publicly available results of surveys of electronics
manufacturers such as the one described below. However, a recent survey of electronics recyclers [4] indicates the
current magnitude and projected growth of the industry. For example, of the approximately 400 companies
identified as having electronics recycling operations in the USA, 120 responded to the survey. The total volume of
electronics products recycling in 1998 was approximately 275 million pounds (9.7M units). In addition, there were
approximately 33 million pounds of electronics parts, subassemblies and materials recycled. The number of
personal computers being recycled has been increasing significantly and is expected to reach approximately 60
million units a year within the next 5 years.
A few attempts have been made to make product design information available electronically to facilitate recycling. 
Ohashi et al. [5] designed a prototype system to exchange design and disassembly data between recyclers and 
designers. They did not address any issues of security, collaboration or product coding. Miyamoto and Fujimoto 
[6] proposed an environmental information system using a distributed database. Because of the lack of vertical
integration in the electronics industry, much of the product information is held not by the firms that complete the
final assembly but by the suppliers of components and materials. Therefore, in their system, product data are
distributed over databases that reside in many locations, and a search "bot" is provided to retrieve requested
information.
4. Survey of Industry
A survey was designed to investigate electronics manufacturers and their involvement with electronic recycling.
The survey was designed to capture the following information:
• Companies' level of involvement in producing recyclable products and using recycling materials
• Facto�·s that would increase involv�nwnt in recycling activities
• Laws and regulations effecting electronic manufacturers and tl:ie constraints they impose
• Manufacturers' views on the CUITent apd future need for recycling
• With Whom manufaCtl}TetS share infqrmation and what info1TI1ation is exchanged
The above factors contribute to the project goal Of estabii_shing sevetal companies that would work with Iowa State 
University in a close partnership. An ideal partner would be willing to share information with a Product Design 
Advisory in collaboration with other electronic manufacture1·s and recycling companies. The information shared 
would include ·product dimensions, intemal specifications, materials of construction, and tangible components. 
To obtain backgr61ihd infonnatiop abolit the industty; re$_earch was perfonhed regarding laws, existing recycling 
companies aiid organizations, and previous research of this subject. Next, it was necessary to find oHt which 
orgah.izations may be willing to participate in our research. Participants chosen for the survey were listed on the 
Intemational Association of Electronic Recyclers website (v,rww iaer org). A sul'vey was developed ai1d sent to these 
_org_anlzations to dete1n1ine manufi,wturer iriterest as well as to; 
• Find out which organizations were currently involved in recycling
• Obtain information on the manufacturer's recycling activities
• Discover fac;itors that would, encourage manufacturers to get involved
• Research their current policies on recycling
• Document regulations and laws that affecte,d the organization_s
4.1 Methodology 
The research was completed in two phases, each addressing a dlfferent aspect of electronic recycling. Phase I 
involved secondary research to explore and summarize CU1Tent industry and government involvement with 
electronics recycling._ In Phase 2 survey development and primary research were performed to determine 
1. General attitt.,1deS Within the industly about recycling
2. Which companies are already involved in recycling- and to what extent
3. Company policies on recycling and policy oh exchanging information within the industry
4. Which companies would be interested in working with ISU on future aspects of the project
Approximately fifty contacts jn electronics ml!nufactt:rring companies were made. Of that initial group, half 
expressed interest in completing the survey. Eight surveys Wf;te n;�ti.:uned from major electronics martufa�tµrers. 
4.2 Results from secondary .research 
The major finding from this research was a survey on Asset Recycle Infras.tructure [7] given at the Electronics and 
the Environment Recycling Summit held in San Francisco in May 2000. This survey presented a list of several 
areas important to electronics recyclers and manufacturers: 
1. National support. '!pis is clearly important �ince so many companies have manufactm·ir1g plants and
distribution sites spread Olit over the country.
2. E-commerce. It is commonplace to conduct business over the internet. The product design advisory
subsystem would successfully address these needs by shadng information between companies.
Privacy and retaining proprietary infonnation are important concerns ;;ind need to be i:!-d&·essed.
3. ')'rust and profitability. Manufacturing companies desire a recycling company that bas established
practices in recycling and can innovate to Changing materials, methods of conStrt1ctio.n,_ etc.
Profitability was also discussed, both by rt1anufacturers and recyclers.
4. Specialization. Many companies also mentioned the need for a recycling infrastructure to handle the
wide range of electronics eqll;pment being produced.
The proposed system would address most of these issues to some degree or another. Special attention sho-qld, be 
given t_o informatiqn privacy concerns; also, partner$hips with prominent manufacturing and recycling companies 
should be developed, to help speed along a change toward new standards. 
4.3 Results from primary research 
Company Attitudes: It was the objective to deduce the overall attit)ldes of a number of companies and the 
representatives contacted. The survey results show that most companies have a positive attitude or feel the 
pressure to have an environmentally sound recycling program. To detail the situation further, most individual 
attitudes are extremely favorable for designing a product for recycling. All but one of the individuals that 
completed the survey felt that producing electronic products that are easily recycled is relevant and important to the 
company. The remaining respondent also felt that bis company would consider a design for recycling program. 
A majority of the companies deem that using recycled materials is important. Those who felt this program to be of 
less importance still felt that it would be a program their company would consider. Most companies without a 
recycling program felt the need to establish one. The majority of the companies are more willing to implement a 
program if it involves a small investment with a minimal time commitment. All companies will consider 
implementing a recycling program if they will gain a positive effect in their reputation, which was the most 
important factor, even above profits. 
Government regulations are relevant to each company and are important in the enhancement of the recycling 
programs. The companies feel that they can benefit by enhancing design for electronics recycling and by recycling 
materials themselves. Looking to the future, these companies feel the importance for recycling will steadily 
increase. The overall attitude of the companies will become more positive as well. 
Product Responsibility: The majority of the companies believe that product stewardship is similar to life cycle 
management. Both were described as the design, manufacturing, and disposal stages of the product in order to 
minimize the environmental impact. Companies view this to be their responsibility throughout the development of 
the product. Many companies think that extended product responsibility is related to being responsible for all the 
stages of a product from material selection, design, implementation, to end of life recycling efforts. Other company 
responses include recovering obsolete or used products for reuse or recycling. Some of these responses are 
voluntary and others are results of directives such as Waste from Electronic and Electrical Equipment (WEEE). 
Laws and Regulations: Numerous government policies and regulations are in place regarding electronics 
recycling. Companies replied about TCIP characterization, packaging and battery requirements, and energy 
efficiency requirements. Companies also noted the Resource Conservation and Recovery Act (RCRA), the primary 
federal legislation in the United States to handle hazardous waste, and the Basel Treaty, which protects human 
health and the environment by minimizing hazardous waste production. The Organization for Economic Co­
operation and Development (OECD) was mentioned. Companies also mentioned various industrial laws in 
Europe, Japan, and Taiwan, EPA regulations and different state recycling laws. 
Use of Recycled Materials: Several companies replied that they do not use refurbished or recycled materials in 
their electronic products. Three of the eight companies use such materials and obtain them from their own 
operations and from the secondary market. In the open market, recyclers that generate enough material of 
adequate quality are welcome to bid on contracts with one of the companies. The majority of companies did not 
list any distribution or collection organizations that exist for them to receive electronic parts from recyclers. One 
automotive company is not likely to use remanufactured parts in new products because it poses reliability concerns. 
Another company does not reuse electronic parts but rather builds their products with recycled materials including 
plastic, metal, and glass. Overall, companies seem to be looking for materials in large quantities that they can 
incorporate into their products such as the recycled plastics, metals, and glass. 
Designing for Recycling: The manufacturing companies surveyed were asked if they design for recycling of 
electronic products and, if they did, what constraints are placed on manufacturing and what benefits the company 
gains from designing for recycling. Five out of eight companies design for recycling and, of the five, two reported 
that no constraints were placed on manufacturing. Two of the companies reported the constraints are placed more 
in the design and supplier stages than in the actual manufacturing of the product. Another company said there are 
trade-offs in the area of reliability and energy efficiency. AJl of the companies surveyed reported benefits from 
desigoing for recycling, although not all desigo for recycling. Using feedback received from all eight companies 
these are the benefits that were reported 
• Cost improvements in designing for easy recycling
• Improved customer relations
• Increase in manufacturing throughput (efficiency)
• Decrease in waste disposal costs
• Obtaining the company goal of corporate responsibility
• Increase in revenue and profits
One conclusion that can be drawn about designing for recycling is that if a product is easy to recycle or 
disassemble, it should in turn be easy to build/assemble, thus increasing throughput, increasing productivity, 
decreasing cost and increasing profit. Based on the information given by the surveyed companies, designing for 
ease of recycling should be profitable for any electronics manufacturing company. 
End of Life Efforts: The manufacturing companies were asked what actions are being taken by their company to 
aid in end-of-life recycling of electronic products and/or safe disposal of the electronic products. The answers 
varied company by company. Some of the responses included 
• Taking action in their product design, which includes designing product to be environmentally safe,
designing the product for easy disassembly, and designing the product to be reused
• Support of waste management programs
• Conducting continuous research to aid in recycling
• Material minimization
• Hiring of an independent contractor to take care of electronic product disposal
• Collection programs for electronics to be recycled
Organization Involvement: The companies surveyed were asked what electronic recycling organizations they 
participated in, and what benefits or services they wanted to receive from these organizations. The organizations 
they reported are the International Association of Electronics Recyclers, Electronic Industries Alliance, National 
Electronics Manufacturing Initiative, European Information & Communications Technology Industry Association, 
Institute of Scrap Recycling Industries, Portable Rechargeable Battery Association, and Rechargeable Battery 
Recycling. The benefits manufacturers want to receive from the recycling organizations include: 
• Coordination of recycling information and leadership to encourage long-term efforts in recycling
• A database of all recyclers and feedback regarding new design practices that could be improved
• A global collection and recycling/reuse service for all electronics
• Updates on latest methods of electronic recycling which including educational seminars for companies
• Methods to foster competition
Desirable Recycling Information: For a collaborative organization as described in for this research, companies 
were asked what kind of information they desire. Most of them gave positive attitudes and provided detailed 
descriptions for the desired recycling information from both electronics manufacturers and recycling companies. 
The most valuable recycling information companies would seek is technical solutions to problems concerning 
product design for reuse and recyclability, industry design standards for end-of-life considerations, and material 
content of components. The recycling information should also include productivity related standards such as cost, 
quality, supply. material properties, and assurance of non-hazardous practices. In summary, manufacturers want 
best practices and global information through collaboration with other manufacturers. Collaboration with 
electronics recycling companies should yield feedback regarding design practices and economic tradeoffs of raw 
material use and recycling. Collection and redistribution services are desired as well. 
Corporate Policy on Sharing Information: The need to protect proprietary information restricts the exchange of 
information between manufacturers. However, through the use of trade associations, companies feel more 
comfortable sharing sensitive information. This enables them to share competitive information for the good of the 
industry and still maintain an advantage. Information is currently being shared about products or processes in six 
of eight companies surveyed. The information that companies are willing to share is about materials used, 
recycling methods, Haz Mat content, and names of recyclers and general DFE information. The majority of the 
companies however, were not willing to share information on product structure (BOM). In cases where 
information is being shared, it is done with other manufacturing companies, recycling companies, trade 
associations, and some manufacturers even share their information with their customers. Multiple companies 
share information because of the use of hazardous materials in manufacturing. Sharing information with 
universities for research projects can be less restrictive if proper non-disclosure agreements are in place. When 
establishing collaboration between manufacturers and universities decisions are made on a case by case basis, 
involving past cooperation and the specific goals of the research. 
Collaboration on Research in Recycling Product Design: Most of the companies surveyed expressed interest in 
becoming a member of a Product Design Advisory team. Five manufacturers are willing to build close partnership 
with Iowa State University on recycling research for several purposes, such as product dimensions, materials of 
construction, internal specs/design parameters, and actual equipment and components for research purposes. Such 
cooperation would depend on the scope and goals of the project, the nature of the research, the sensitivity of the 
products being studied, and the extent of information exchange. 
5. Conclusions
An effort needs to be made to acquire a larger list of companies to contact with more diverse attributes.
Corporations with a large range of revenue and employee size may allow for more complete analysis. Smaller
companies should be contacted as well as large corporations since their recycling programs likely differ
significantly from each other. A simple survey over the telephone or a shorter survey may also ensure more
involvement with the project. It may also help to research the current policies and regulations that companies have
to abide by to better understand how they produce their products. The following is a sununary of key findings from
the primary survey conducted:
1. Most companies have a positive attitude toward recycling or feel pressure to have a recycling program.
2. All companies would consider a recycling program if it will have a positive effect on their reputation.
3. To utilize recycled materials, companies need large volumes of commodity materials at inexpensive prices.
4. Variations of laws and regulations may make it difficult to implement a nation wide recycling system.
5. Benefits companies receive from designing for recycling include: cost improvement, improved customer
relations, increased manufacturing efficiency, and decreased waste disposal costs.
6. Benefits manufacturers want to receive from the recycling organizations include: feedback regarding new
design practices and recycling methods, and global collection and recycling services for all electronics.
7. Manufacturers' willingness to exchange information with universities depend on the goals of the project, the
nature of research conducted, and the extent of information exchange.
In follow-up conversations, several of the survey respondents have already given us helpful advice for the next 
phase of research. We anticipate their continued participation as advisors and information sources. 
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